Several years ago, Van Vechten, Tsu, and Saris suggested that semiconducting materials with a diamond lattice structure could be disordered by direct excitation of the electronic system while the lattice modes remain vibrationally cold [1] . The diamond structure is stabilized by bond charges in the tetrahedral sp bonds. Absorption of photons creates a free-carrier plasma by removing electrons from bonding to antibonding orbitals. It was suggested that a sufticiently dense photoexcited plasma could weaken the lattice, giving atoms enhanced mobility without significantly increasing their thermal energy.
This mechanism was called "plasma annealing. "
Several groups undertook experiments with pulses lasting 20 ps and longer to determine whether annealing could take place without heating the lattice above the melting threshold [2] . In disagreement with the plasma annealing picture, it was found that a thermal model could account for observed changes in the rellectivity of laser-excited Si, Ge, and GaAs. The thermal model assumes that the excess energy of photoexcited electrons relaxes rapidly to the lattice vibrational modes predominantly by the emission of longitudinal optical (LO) phonons [3, 4] . When sufficient energy is absorbed to heat the lattice to the melting temperature and to supply the latent heat of fusion, the material melts. Kash, Tsang, and Hvam measured the rate of LO phonon emission in GaAs, finding that the time required for a hot electron to emit a single LO phonon is 165 fs [5] . Consequently, phonon emission was determined to cool the carriers and heat the lattice in 2 ps [5] , and melting proceeds with a hot lattice.
Intense femtosecond laser pulses, however, deposit energy in the carrier system in a pulse shorter than the phonon emission time. With femtosecond excitation it may be possible for the ions of the lattice to be driven to disorder directly by the electronic excitation, before phonon emission can heat the vibrational modes appreciably.
Shank, Yen, and Hirlimann reported melting of silicon after a 90-fs pump pulse as evidenced by reflectivity and second-harmonic generation [6, 7] . In a refinement of the second-harmonic generation experiment, Tom, Aumiller, and Brito-Cruz reported a loss of cubic order in crystalline Si only 150 fs after a 100-fs pulse [8] . [5] .
Pulses for the experiment are produced by amplifying the output of a colliding-pulse mode-locked laser at 10
Hz in a five-stage dye amplifier. The amplifier uses prism dye cells and relay imaging to produce 1-mJ pulses with uniform spatial profile [11] . A grating pair compensates the dispersion of the amplifier, yielding pulses with a At very high plasma density the plasma response dominates the crystalline dipolar response, driving the real part of the dielectric constant negative and causing an increase in reflectivity. Even when the second-harmonic intensity at 120 fs is corrected for the decrease due to increased reflection, it drops more than 90% above 0.2 J/cm (see Fig. 2 ). Consequently, the observed drop cannot be accounted for by changes in the linear dielectric response of the highly excited material and must be attributed to a transformation of the electronic state from the noncentrosymmetric crystalline state to a centrosymmetric one in which second-harmonic generation is dipole forbidden.
Changes in the reflectivity further clarify the nature of this transformation.
Within 0.5 ps the reAectivity rises by 40% to a steady value that persists for more than 5 ps. Similar reflectivity rises have been observed in nanosecond and picosecond melting experiments on GaAs and other semiconductors as the material assumes the metallic character of the molten phase [9, 15] . Using a Drude model and the measured value of conductivity for molten GaAs [16] , we estimate that at least 50% ionization of the valence electrons is necessary to produce the observed reflectivity rise (electron densities of order 10 cm ).
Our previous reflectivity measurements with a p-polarized probe on a (100) GaAs surface [17] also rise to a steady value consistent with a molten phase. Apparently, above a threshold carrier density of -8x10 ' cm, the electronic system becomes ionized to a much higher degree than the 5% expected from linear absorption.
Interestingly, the 200-fs 1/e time required for this transformation is an order of magnitude lower than the 2 ps necessary for the photoexcited carriers to transfer their excess kinetic energy to the lattice via LO phonon emission [5, 18] . A crude estimate of the energy transfer rate from carriers to the lattice, assuming the low-carrierdensity emission rate and a carrier density of 8x10 ' cm, gives 150 K/ps. This is more than an order of magnitude too low to bring the material to the melting temperature of 1511 K in the 0.5 ps it takes the electronic response to stabilize (see Fig. 2 ).
At the threshold fluence of 0. 1 J/cm the energy density deposited in the electronic system near the surface is 2.6 kJ/cm . This should be compared to the latent heat of melting Q =2.83 kJ/cm, which gives an upper limit for the free-energy change of the electronic configuration.
We conclude that at threshold sufficient energy has been deposited for the electronic structural transition to take place. At higher Auence, free-carrier absorption increases the absorbed energy density above the threshold for melt- 
